Testicular yolk sac tumors are rare, and analyses of relevant ultrasound (US) findings are limited. We retrospectively reviewed the US features of 21 pathologically verified cases (patients aged 10-64 months). Neoplasms were unilateral and solitary, occupying part (focal) or all (diffuse) of the testis. Focal lesions (14 cases) were usually solid and ovoid, with a homogeneous echo texture or multiple random anechoic spaces, and hypervascular. Diffuse neoplasms had heterogeneous echo textures; most were hypervascular. On spectral Doppler US imaging, 11 cases had a mean peak systolic velocity of 12.9 cm/s and a mean resistive index of 0.54. Ultrasound is a useful tool for imaging pediatric testes when a yolk sac tumor is suspected.
A testicular yolk sac tumor, also known as an endodermal sinus tumor or infantile embryonal carcinoma, is a malignant germ cell neoplasm. Yolk sac tumor is the preferred term for this entity, as recommended by the classification of the World Health Organization. Most cases develop in children younger than 2 years, 1,2 with an incidence of 1 per million boys younger than 15 years. 3 Yolk sac tumors are rarely encountered in clinical practice, although they account for 70% to 80% of testicular malignancies in childhood. 4, 5 Ultrasound (US) with a high-frequency transducer is the primary imaging tool used for investigating testicular lesions. Most of the literature regarding testicular yolk sac tumors has been summaries of clinical therapy, and diagnoses based on US are nearly all individual case reports. [6] [7] [8] [9] [10] To our knowledge, there has been no analysis of the US features of testicular yolk sac tumors with a large number of cases.
To better acquaint the reader with the US features of testicular yolk sac tumors, this retrospective review describes the US features of 21 cases of yolk sac tumors with diagnoses based on pathologic analyses. A literature review for differential diagnoses is included.
Methods
The Institutional Review Board and Ethics Committee of Shandong University approved this retrospective study. The parents and guardians of the pediatric patients provided written informed consent for participation in the study.
We reviewed the database of pathologic reports of all cases of yolk sac tumors treated at Shandong Provincial Hospital, a tertiary general hospital, between April 2004 and March 2017, and found 21 patients with pathologically proven yolk sac tumors. All patients were referred for testicular enlargement that had been found incidentally by their parents ( Figure 1A) . a-Fetoprotein (AFP) values were preoperatively determined in all 21 patients.
Ultrasound images were obtained with an SSD5000/5500 or a10 US system (Aloka Medical Systems Co, Ltd, Tokyo, Japan) equipped with 5-10-MHz linear array transducers, a LOGIQ 9 system (GE Healthcare, Milwaukee, WI) equipped with 9-14-MHz linear array transducers, or an Acuson S2000 system (Siemens Medical Solutions, Mountain View, CA) equipped 5-12-MHz linear array transducers. The US features of the 21 cases were reviewed by 2 reviewers, each with 15 years of experience reporting US results. Their reviews included the size and echogenicity of the tumors and the presence of cystic areas. Blood flow data were analyzed when available, including the distribution, peak systolic velocity (PSV), and resistive index (RI). The qualitative estimation of increased vascular density was relative to the contralateral testicle. A focal lesion was defined as a tumor that occupied a portion of the affected testis, whereas a diffuse lesion was a tumor that had totally replaced the normal testicular parenchyma.
Results
The 21 patients in this case series were aged 10 to 64 months (mean age, 16.2 months; Table 1 ). Twenty of the 21 patients (95.2%) were younger than 24 months. None of the 21 patients were younger than 6 months at diagnosis. All patients had testicular enlargement.
All testicular masses were unilateral and solitary; 9 of 21 (42.8%) were in the left side, and 12 of 21 (57.2%) were in the right ( Table 1 ). The tumor sizes ranged from 1.4 to 6.0 cm (mean maximum diameter, 2.8 cm). The ratio of the maximum diameter of the testicular mass to the diameter of the involved testis surpassed 0.50 in all 21 cases. The serum AFP levels (normal, 0-20 ng/mL) were elevated in 19 (90.5%) cases and normal in 2 (9.5%) cases (mean, 1016.5 ng/mL; range 5.1-1860 ng/mL).
Grayscale US images showed focal lesions in 14 of 21 cases (67%; Table 2 ). The focal lesions were either solid with cystic components (4 cases) or purely solid (10 cases). The focal lesions that were solid with cystic components were ovoid, with randomly distributed multiple anechoic spaces, which were variable in number, size, and shape (Figures 1 and 2) . The largest size of the cystic spaces was 1.1 3 0.9 cm. Among the solid focal lesions, 7 cases were round or ovoid with a homogeneous echo texture ( Figure 3 ); 1 case (case 13) was slightly inhomogeneous; and 2 cases had a multilobulated appearance ( Figure 4 ). In 7 patients, the tumors totally occupied the affected testes and had inhomogeneous echo textures (Figures 5 and 6 ). In 2 cases there was no description the tumor blood flow available (cases 8 and 10; Table 1 ). On color Doppler evaluations, all focal lesions were hypervascular (n 5 13) other than in intratumor cystic areas ( Figures  1C and 3B ). Five diffuse cases were also hypervascular ( Figure 5B ). In 1 diffuse case (case 3), there was no blood flow ( Figure 6B ) in the affected testicle, and the condition was misdiagnosed preoperatively as testicular torsion. On spectral Doppler US imaging, 11 cases had a mean PSV of 12.9 cm/s (range, 4.5-40.7 cm/s), and the mean RI was 0.54 (range, 0.48-0.62). This finding was considered a low-resistance pattern.
On gross pathologic analyses, the yolk sac tumors were nonencapsulated, partially or completely replaced the normal testicular parenchyma, and were gray-white Figures 1D, 2C, and 3D) , which corresponded well to the US findings.
Discussion
Pediatric patients with yolk sac tumors usually present with a painless enlargement of the testis, and the yolk sac tumor is stage I in 80% of cases. 4 In this series, all 21 tumors were found by the children's parents, were stage I, and were confined to the testes without metastasis at the time of orchiectomy.
The AFP level is elevated in more than 90% of patients with yolk sac tumors. 2 In this series, the preoperative AFP level was above the normal range in 19 of the 21 cases (90.5%). a-Fetoprotein is also a valuable tool during follow-up to check for regression or recurrence of the tumor. Histologically, a yolk sac tumor has more patterns than any other type of germ cell tumor. 4, 10 The microcystic pattern is the most common, whereas the endodermal sinus pattern is the most typical. Different combinations of histologic patterns result in variable US findings. Almost all reports (case reports and review articles) in the literature assume that the US features of pediatric testicular yolk sac tumors are nonspecific. 1, 2, [5] [6] [7] In this series, 38% of the cases involved focal round or ovoid solid lesions of homogeneous or inhomogeneous echogenicity with clear margins. Xu and Yi 6 reported a lesion with US findings that were likely related to a cellular component, without hemorrhage of the tumor. In this series, 4 cases involved focal lesions with randomly distributed small regular or irregular cystic areas of variable size. Others reports have shown a similar US appearance: that is, a focal nodule with multiple cystic structures. [8] [9] [10] In this series, there were 2 cases of a focal lesion with multiple nodules (cases 19 and 20). We think that a diffuse tumor may develop from a focal lesion. In 7 cases, the tumor had replaced the entire affected testes and had an inhomogeneous echo texture. The spectral Doppler evaluations revealed abundant blood flow in 66.7% of these cases. In 11 of these, the mean PSV was 12.9 cm/s, and the mean RI was 0.54. These results demonstrate that the PSV is relatively high, and the resistance pattern is low, but there are crosses between the PSV and RI of yolk sac tumors and normal reference values.
11 Therefore, it difficult to use these parameters as specific diagnostic indicators for yolk sac tumors.
Because overlaps exist among various pediatric testicular tumors and nontumorous conditions, a differential diagnosis is very important for strategizing treatment. The differential diagnosis of testicular tumors in children relies greatly on the patient's age. Tumors such as a juvenile granulosa cell tumor, Leydig cell tumor, and seminoma are not included in this discussion because they present in a different age range. [12] [13] [14] The main differential diagnosis that is clinically required is a yolk sac tumor versus teratoma.
Teratoma is the second most common pediatric testicular germ cell tumor. 2 It may appear as a cystic lesion with peripheral solid components or as a complex mass with cystic components, calcifications, and echogenic intratumor fat, depending on the components of the 3 germinal layers (endodermal, mesodermal, and ectodermal). The US findings in teratoma are much more complex than in a yolk sac tumor. Teratoma is larger in area, and cystic components or calcifications are more probable.
1 A yolk sac tumor is a solid focal or diffuse mass with relatively simple echogenicity, with or without cystic structures, occasionally with calcifications, and no fat component.
The US images of Sertoli cell tumors 15 in pediatric patients may be similar to those of focal homogeneous yolk sac tumors. On grayscale US imaging, leukemic infiltration to the testes 1 results in focal or multifocal hypoechoic lesions of various sizes with increased vascularity, regardless of the size of the lesion. Focal leukemic infiltration to the testes has similar US findings as focal homogeneous yolk sac tumor lesions, but the former has an extremely hypoechoic echo texture. Blood and bone marrow laboratory examinations can provide crucial information to differentiate a yolk sac tumor from leukemic infiltration to the testes.
Testicular epidermoid cysts, 16 also known as keratocysts, are uncommon benign tumors of germ cell origin. The US appearance of an epidermoid cyst varies with the maturation, compactness, and quantity of keratin within the cyst. Specific US findings of epidermoid cysts, which correspond to their natural evolution, include an onion ring-type pattern and a peripheral calcification pattern. Color Doppler US has an important role in the differential diagnosis because epidermoid cysts have no blood flow.
Ectopic splenic tissue in the testis, also known as splenogonadal fusion, 17 is a rare congenital malformation that appears as a focal hypoechoic lesion on US images and is similar to a focal yolk sac tumor. It is difficult to differentiate these entities by grayscale and color Doppler US. Determining the AFP value may be helpful in the differential diagnosis.
Focal orchitis, 1 which usually accompanies epididymitis, may appear as a focal homogeneous or inhomogeneous mass that can be similar to a focal yolk sac tumor. However, focal orchitis is an infectious disease that almost always presents with noticeable clinical symptoms, whereas a yolk sac tumor is usually painless.
Testicular torsion 1,2 has heterogeneous echogenicity with no blood flow and with time progresses to marked scrotal pain, swelling, and redness or tenderness in the affected testis. This case series included a yolk sac tumor with cystic-solid heterogeneous echogenicity, no blood flow in the tumor, and a normal AFP value. In this case, the diagnosis could not rely solely on grayscale or color Doppler US, and the clinical symptoms had to be considered.
In this retrospective series, all 21 cases were clinical stage I; the yolk sac tumor was confined to the testes and no other site; and there was no case of lymph node metastasis or visceral involvement. None of the patients were adult. Therefore, we do not have US findings for stage II or III yolk sac tumors or adult yolk sac tumors.
There were several limitations to this series. Its retrospective nature implies that the findings may have been influenced by methods that were not standardized, such as the machine and perhaps operators or settings. In particular, the sensitivity to flow may have differed from machine to machine. In addition, there were no comparisons with non-yolk sac testicular tumors to evaluate the specificity of the findings to yolk sac tumors.
In summary, almost all previous authors believed that the US features of pediatric testicular yolk sac tumors are nonspecific. However, the results of this series of 21 patients suggests that a yolk sac tumor should be considered when US of pediatric testes reveals a focal homogeneous lesion, a solid mass with cystic areas or cystic components, or an inhomogeneous or heterogeneous diffuse neoplasm.
